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(57) Abstract: An RFID tag verifier includes an RF in- 
terrogator that transmits a first and second interrogation 
signal each having a first operational characteristic that 
differs from the other by a known amount. The RF in- 
terrogator receives a first and second return signal corre- 
sponding to the respective interrogation signals. A pro- 
cessor determines a response of the RFID tag as defined 
by a second operational characteristic of the ftrst'and sec- 
ond return signals. The verifier can determine the signal 
strength of the return signal for varying strengths of the 
interrogation signal. Typically, a flat response is desired. 
Additionally, or alternatively, the verifier can determine 
the response in terms of signal strength of the response 
signals for interrogation signals having different frequen- 
cies. In some applications frequency selectivity may be 
desirable. Additionally, or alternatively, the verifier can 
determine the response in terms of frequency for inter- 
rogation signals having varying strengths. A machine- 
readable symbol verifier can be coupled to. or formed as 
part of, the RFID verifier. A printer can be coupled to, or 
formed as part of, the RFID tag verifier. 
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METHOD AND APPARATUS FOR VERIFYING REDD TAGS 

' 'TECHNICAL FIELD 

, This invention relates to wireless memory devices, commonly known as 

i i 

radio frequency identification ("RFID") tags. 

J - . ... 

, .1 

5 \j BACKGROUND OF THE INVENTION 

RFDD tags are wireless communication memory devices that store 
i information, typically concerning an item to which the RFID tag is attached. For 

1 i example, inventory items can carry RFID tags providing information such as serial 

j . • 

•IV numbers, price, weight, and size. The RFID tags permit efficient retrieval of 
10 information regarding an item at various points in the manufacturing and distribution . 
chain, and can permit tracking of the item. RFID tags permit relatively large amounts 
...of data to be associated with the item. An RFID tag typically includes a memory, an 
. RF transmitter, an RF receiver, an antenna, and logic for controlling the various 
, components of the memory device. The antenna is generally formed on a flexible 
15 substrate, while analog RF circuits and digital logic and memory circuits take the form 
of an integrated circuit ("IC") carried by the substrate and coupled to the antenna. 
> RFID tags may also include a number of discrete components, such as capacitors, 

transistors, and.dipdes, . ..... , 

RFID tags can be either passive or active devices! Active devices are 
20 self powered, by a battery, for example. Passive devices do not contain a discrete 
power source, but derive their energy from the RF signal used to interrogate the RFID 
tag. Passive RFID tags usually include an analog circuit, which. detects and decodes the 
interrogating RF signal and which provides power from the RF field to a digital circuit 
in the tag. The digital circuit generally executes all of the functions performed by the 
25 . RFID tag, such as retrieving stored data from memory and modulating the RF signal to 
transmit the retrieved data. In addition to retrieving and transmitting data previously 
stored in. the memory, the RFID tag can permit new or additional information to be 
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stored into the RFID tags memory, or can be permit the RF tag to manipulate data or 
perform some additional functions. 

A number of factors may affect the performance of an RFID tag. For 
example, two RFID tags may each produce different response signals in response to the 
5 same interrogation signal due to manufacturing inconsistencies. Additionally, a single 
RFID tag may produce different response signals in response to two different 
interrogation signals. For example, an RFID tag may produce a weaker response signal 
in response to a relatively weaker interrogation signal. This is particularly a problem 
with passive RFID tags, where the RFID tag derives its operating power from the 

10 interrogation signal. The strength of the interrogation signal normally varies with the 
inverse of the distance. Thus, an RFID tag read at two different distances will receive 
interrogation signals haying two different power levels with which to respond. 

Manufacturers and/or users typically desire a uniform response from 
RFID tags. For example, users will typically desire that all RFID tags in a set have a 

15 consistent output signal. Yet a user typically wants a uniform response from any RFID 
tag in an RFID tag reader's range (e.g., RFID tag response signal's strength and 
frequency does not vary with direction, frequency, or strength of the interrogation 
signal). The manufacturer and/or end user may also wish to identify poorly performing 
tags for removal, or to identify an appropriate frequency range for a particular set of 

20 RFID tags. Additionally, the manufacturer and/or end user may wish to label RFID 
tags with their respective operating characteristic values. 

SUMMARY OF THE INVENTION 

Under one aspect of the invention, an RFID tag verifier includes an RF 
interrogator that transmits first and second interrogation signals, each having a first 
25 operational characteristic that differs from the other by a known amount. The RF 
interrogator receives first and second return signals in response to the first and second 
interrogation signals, respectively. A processor is configured to determine a response 
of the RFID tag as defined by a second operational characteristic of each of the first and 
second return signals. 
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, In one aspect, the RFID tag verifier determines the signal strength of the 
return signal for varying strengths of the RF interrogation signal. Typically, a flat 
•response is desired, (i.e., relatively little change in return signal strength even where the 
interrogation signal strength varies significantly. 

' In another aspect, the RFID tag verifier determines the response in terms 
of signal strength of the response signals for interrogation signals having different 
frequencies. In some applications, a flat response will be desirable, while in other 
applications frequency selectivity may be desirable. 
. , In another embodiment, the verifier determines the response in terms of 

1 0 \- frequency for interrogation signals having varying strengths. 

In another aspect a machine-readable symbol verifier that verifies 
machine-readable symbols such as barcodes, area and stacked codes, can be coupled to, 
• or formed as an integral part of the RFID tag verifier. Such a system allows automatic 
verification of RFID tags that carry machine-readable symbols. The RFID tag verifier 
15 [ can produce a letter grade corresponding to the response of the RFID tag and/or the 
quality of a machine-readable symbol. 

In a further aspect, a printer can be coupled to, or formed as an integral 
1 part of, the RFID tag verifier. The printer can print information corresponding to the 
, response of the RFID tag. The printer can, for example, print a letter grade, and/or a 
20 rejected or accepted indicia. Additionally, or alternatively, the printer can print values 
corresponding to an RFID tag's response characteristics. The printer can print a report, 
on print media, or can print directly onto the RFID tag. Printing directly on the RFID 
tag allows a teg's operational characteristics to be easily ascertained. The information 
can be printed as human readable text, or as machine-readable symbols. Thus, the 
25 quality of RFID tags can be ensured, and RFID tags may be classed for appropriate use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an isometric view of a RFID tag verifier. 

Figure 2 is a functional block diagram of the RFID tag verifier of 

Figure 1. 
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Figure 3 is an isometric view of the RFID tag verifier of Figure 1 
coupled to a stand-alone printer. 

Figure 4 is a functional block diagram of an RFID tag verifier including 
a printing mechanism. 

5 Figure 5 is an isometric view of an RFID tag verifier coupled to a stand- 

alone machine-readable symbology verifier. 

Figure 6 is a functional block diagram of an RFID tag verifier including 
two antennas and a machine-readable symbology verifier. 

Figure 7 is a functional block diagram of an RFDD tag verifier having 
10 two transmitting antennas and including a machine-readable symbology verifier and a 
printing mechanism. 

Figure 8 is a flowchart of a general method of determining an RFID 

tag's response. 

Figure 9 is a flowchart of a method of determining an RFID tag's 
15 response to interrogation signals having varying signal-to-noise ratios. 

Figure 10 is a flowchart of a method of determining an RFID tag's 
response to an interrogation signal of varying frequency. 

Figure 1 1 is a flowchart of a method of determining the directionality of 
an RFID tag's response to an interrogation signal. . 
20 Figure 12 is a flowchart of a method of determining a directionality of 

an RFID tags reception. 

Figure 13 is a graph showing the strength of a response signal for 
varying interrogation signal strengths. 

Figure 14 is a graph showing the frequency of a response signal for 
25 varying interrogation signal strengths. 

Figure 15 is a graph showing the response signal strength for 
interrogation signals of varying frequency. 

Figure 1 6 is a graph showing response signal strength for varying 
locations of interrogation signal origin. 
30 Figure 1 7 is a graph showing directionality of a response signal. 
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DETAILED DESCRIPTION OF THE INVENTION 

In the following description, certain specific details are set forth in order 
' 'to provide a thorough understanding of various embodiments of the invention. 

However, one. skilled in the art will understand that the invention may be practiced 
5 without these details. In other instances, well-known structures associated with RFED 
/•lags, processors, memories, printers and machine-readable symbology Verifiers have 
' Vnot been shown or described in detail to avoid unnecessarily obscuring descriptions of 
: the embodiments of the invention. This description initially addresses the hardware 
i aspects of the invention, including a number of alternative structures. A discussion of 
10 \ the operation of the various structures follows the hardware discussion. 

Figure 1 shows an RFID tag verifier 10 including a housing 12 and a 
display 14 mounted in a top 16 of the housing 12. The housing 12 includes an opening 
18 for receiving a supply roll 20 of RFID tags 22 that may be carried on a continuous 
web or liner 24. A supply roll axle 26 supportedly received by a notch 28 can rOtatably 
15 • mount the supply roll 20 to the housing 12. An opening 30 in an end 32 of the housing 
^ 12 receives a take-up roll 34. While the RFID tags 22 are shown carried by the web 24, 
the RFID tag verifier 10 can also verify individual RFID tags 22. The RFID tags 22 
can carry printed indicia, including human readable text and/or machine-readable 
' symbols 36 such as bar codes, area and stacked codes. 
2Q With referenced Figure 2, the RFID tag verifier 1 0 includes a processor 

38 and memories such as random access memory ("RAM") 40 arid read-only memory 
("ROM") 42. The RAM 40 provides temporary storage for the processor 38 while the 
ROM 42 can store program instructions for the processor 38 to control the various 
elements of the RFID tag verifier 10 in performing the verification process. A bus 43 
25 provides the processor 38 access to the RAM 40 and ROM 42. The RFED tag verifier 
10 further includes a transceiver 44 and an antenna 46. The processor 38 controls the 
transceiver 44 and antenna 46 to selectively produce an interrogation signal 48 to 
interrogate the RFID tag 22. The processor 38 further controls the transceiver 44 and 
antenna 46 to receive a response signal 50 from the RFID tag 22 in response to the 
30 interrogation signal 48. The RFID tag verifier 1 0 further includes a motor controller 52 
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that controls a motor 54 In response to signals from the processor 38. The motor 54 
can drive the take-up roll 34 to advance the web 24 through the verifier 10. The 
processor further includes an output port 56 to provide communications with a device 
external to the verifier 10. 
5 In Figure 3, the output port 56 of the RFID verifier 10 couples to a 

stand-alone printer 58. The printer 58 can use the results of the verification process to 
print a report 60 detailing the operational characteristics and/or a verification grade or 
status for the RFID tag 22. The operational characteristics and/or verification grade can 
be used to sort the RFID tags 22. Additionally, or alternatively, the printer 58 can print 
10 similar information directly onto the RFID tag 22. The stand-alone printer 58 can be 
particularly convenient where individual RFID tags 22 are verified. While Figure 3 
shows a hardwired connection between the verifier 10 and printer 58, the verifier 10 
can employ other communications links, such as an RF commuhicatiohs link. 

As shown in Figure 4, an alternative embodiment of the present 
15 invention employs an integrally formed print mechanism. This alternative embodiment, • 
and those alternative embodiments and other alternatives described herein, are 
substantially similar to previously described embodiments, and common acts and 
structures are identified by the same reference numbers. Only significant differences in 
operation and structure are described in detail below. 
20 Figure 4 shows a print head 62 and a print buffer 64 in the housing 12 of 

the RFuO tag verifier 10. The print head 62 can take the form of any of a variety of ' 
conventional print heads, such as ink jet, laser, or thermal print heads. In an alternative 
embodiment, a portion of the RAM 40 can form the print buffer 64. The 
microprocessor 38 accesses the print buffer 64 over the bus 43. The microprocessor 38 
25 supplies a strobe signal across a strobe line 66 to the print head 62 to cause the print 
head 62 to print the data stored in the print buffer 64. 

In Figure 5, the output port 56 of the RFID tag verifier 10 couples to a 
stand-alone machine-readable symbology verifier 68. The symbology verifier 68 
acquires or images a machine-readable symbol, such as a barcode, area or stacked code, 
30 and verifies the image to assure that the symbol is within published specifications for 
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,the particular symbology. Symbology verifiers are well known in the art and will 
therefore not be described in detail. Thus, the symbol 36 carried by the RFID tag 22 
i . can be verified at substantially the same time that the operation of the RFID tag 22 is 
verified. 

5 . '.in Figure 6, the RFID tag verifier 10 includes an image head 70 and an 

• fimage buffer i72 to acquire and store an image of the machine-readable symbol 36 
Xj (Figure 5) for, verification. The image head 70 can take any of a variety of 
.conventional forms, such as a laser scanner, or a one-. or two-dimensional charge 
coupled device ("CCD"). The image head 70 is positioned within the housing 12 such 
j 0 \.. that the symbol 36 scans by the image head 70 as the web 24 passes from supply roll 20 
!. to take-up roll 34. The microprocessor 38 accesses the data in the image buffer 72 over 
' the bus 43. The ROM 42 can store instructions for causing the processor 38 to verify 
• \ the data in the image buffer 72, as is conventionally known in the art. 

The embodiment of Figure 6, also includes a separate transmitter 74 and . 
15' a receiver 76. The transmitter 74 couples to the antenna 46 to transmit interrogation 
signals 48. The receiver 76 couples to spaced apart antennas 78, 80 to receive the 
X return signal 50 from, the RFID tag 22. The spaced apart antennas 78, 80 permit the 
1 processor 38 to determine the directionality of the response signal 50 generated by the 
( RFID tag 22. While only two antennas 78, 80 are shown, additional antennas can 
20 increase the refinement of the directionality measurement. 

^ Figure 7 shows an embodiment having two spaced apart transmitting 
antennas to measure the directionality of the RFID tag's 22 reception. The receiver 76 
is coupled to the antenna 46 to receive the response signal 50 from the RFID tag 22. 
The transmitter 74 is coupled to the spaced first and second antennas 78, 80 to transmit 
25 the interrogation signals 48. The processor 38 can determine the directionality of the 
RFID tag's reception from the response signal 50 corresponding to the interrogation 
signal 48 from each of the antennas 78, 80. Again, the RFID tag verifier 10 can 
employ additional antennas to further refine the directionality response measurement. 
The RFID tag verifier 10 of Figure 7 also includes the image head 70 and print head 62 
30 . of Figures 6 and 4, respectively. 
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A method of verifying an RFID tag will now be discussed with general 
reference to Figures 1-7, and with specific reference to Figure 8. In step 100, the 
processor 38 activates the transceiver 44 at a first time to produce a first interrogation 
signal 48 having a first power level. In step 102, the transceiver 44 receives a first 
5 response signal 50 from the RFID tag 22 in response to the first interrogation signal 48. 
At a second time, the processor 38 activates the transceiver 44 to produce a second 
interrogation signal 48, identical to the first interrogation signal but having a second 
power level. In step 106, the transceiver 44 receives a second response signal 50, in 
response to the second interrogation signal 48. In step 108, the processor 38 determines 
10 the RFID tags response based on the difference between the first and second response 
signals 50. 

In some applications, the user desires a flat response, that is a response 
signal having one or more relatively constant parameters even though the interrogation 
signal's parameters may vary greatly. For example, the strength of the interrogation 

15 signal 48 is inversely proportional to the distance between the interrogator 68 (Figure 
5) and the RFID tag 22. In many real world applications, the distance between the 
interrogator 68 and RFID tag 22 cannot be reliably controlled. In such cases, the user 
still desires a consistent, flat response from the RFID tag 22 any time the RFID tag 22 
is within range of the interrogator 68. The method of Figure 8 can verify that an RFID 

20 tag 22 will provide such a consistent response. 

Figure 13 shows an example of determining the RFID tag's response. 
The strength of response signals at a given frequency f, is plotted for three interrogation 
signals 48 having different power levels or strengths identified by data points 81-83. A 
line 84 through the data points 81-83 defines the response and the slope of the response. 

25 The processor 38 can compare the slope of the response 84 to the slope of a predefined 
acceptable response 85, and determine whether the tag is acceptable or should be 
rejected. Alternatively, the processor 38 can use the comparison to produce a 
numerical value representing the difference between the response 84 and an acceptable 
response 85. A broken line 79, identifies an.unacceptable response. With reference to 

30 Figure 14, a similar comparison can be made with respect to frequency for the response 
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*. signal, having a response as shown by line 86 for two different power levels of the 
interrogation signal 48 defined by data points 87, 88. 
/ - Returning to Figure 8, in step 1 10 the processor 38 can output the RFED 

tag's response. The processor 38 can output the response in any or all of a number of 
5.' forms. For' example, the output can take in the form of a binary accept or reject 
'J decision, or 'can comprise values corresponding to the measured response, or the 
•• V' difference or percentage difference between the measured response and some 
i predetermined acceptable response 85. The processor 38 can display the output to the 
( > display 14 of the verifier 10 (Figure 1). Additionally, or alternatively, the processor 38 
loV, can output the response in a report or label 60 using the printer 58 (Figure 3). 
Additionally, or alternatively, the processor 38 can cause the print head 62 to print the 
response directly on the RFID tag 22 (Figure 4). Printing directly on the RFID tag 22 
' provides a visible indication whether an RFED tag is acceptable, and can provide 
precise measurements of the operating characteristics of the RFED tag 22. In an 
1§ 1 optional step 1 1 1, the RFED tags 22 can be graded and/or sorted based on the operating 
v characteristics. For example, the RFED tags 22 can be manually sorted based on human 
readable grades printed directly on the RFED tags. Alternatively, the RFED tags can be 
automatically sorted based on grades printed directly on the RFED tags 22 in the form 
/ of machine-readable symbols such as bar codes, and area or stacked codes. 
20 Figure 9 shows a method similar to the method of Figure 8 but where 

the transmitter produces first and second interrogation signals 48 having first and 
second signal-to-noise ratios under steps 112, 114 respectively (Figure 14). Similarly, 
in the method of Figure 10, the transceiver 44 produces first and second interrogation 
signals 48 having respective first and second frequencies in steps 116, 118. In 
25 Figure 15, the transceiver 44 produces an interrogation signal 48 at three different 
frequencies, corresponding to the data points 89-91, as per the method of Figure 10. 
The data points 89-91 define a line 92 that provides a slope that the processor 38 can 
compare to a minimum acceptable response, shown as a broken line 93. 

A method of determining the directionality of the RFED tag's 22 
30 response signal 50 is set out in Figure 11 and employs the verifier 10 of Figure 6. 
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There is an interesting discussion of directionality in commonly assigned U.S. Patent 
Application Serial No. 09/193,281, filed November 17, 1998, and entitled "OPTICAL 
AND PASSIVE ELECTROMAGNETIC READER FOR READING MACHINE- 
READABLE SYMBOLS, SUCH AS BAR CODES, AND READING WIRELESS 

5 TAGS, SUCH AS RADIO FREQUENCY TAGS, AND CORRESPONDING 
METHOD," (Atty. Docket No. 480062.631). In step 120, the processor 38 activates 
the transmitter 74 to produce a first interrogation signal 48. In step 122, the first 
antenna 78 receives a first response signal from the RFID tag 22. In step 124, the 
second antenna 80 receives the first response signal 50 from the RFID tag 22. The first 
10 and second antennas 78, 80 are spaced with respect to one another about the RFID tag 
22 so as to be sensitive to the directionality of the RFID tags transmissions. The RFID 
tag verifier 10 can employ more than two antennas 78, 80 to further refine the 
directionality measurement. An example of the RFID tag's response is shown in 
Figure 16, where data points 94, 95 corresponding to the response signal received at the 

1 5 first and second antennas 78,80, respectively, define the response 96 of the RFID tag 
22. 

Figure 12 shows a method of determining the directionality of the RFID 
tag's 22 reception and will be discussed with reference to the RFID tag verifier 10 of 
Figure 7. In step 126, the processor 38 causes the transmitter 74 to produce a first 

20 interrogation signal from the first antenna 78. In step 102, the receiver 76 receives a 
first response signal 50 from the RFID tag 22. 'in step 128; the processor 38 causes the 
transmitter 74 to produce a second interrogation signal 48 having identical operating 
characteristics from the second antenna 80, spaced from the first. antenna 78. In step 
106, the receiver 76 receives a second response signal 50 from the RFID tag 22. The 

25 process can continue for four other antennas (not shown). With reference to Figure 17, 
the processor 38 can determine a response 94 from data points 95-99, 101 
corresponding to six transmitting antennas (only 78 and 80 are shown) spaced about the 
RFID tag 22. 

Although specific embodiments of, and examples for, the invention are 
30 described herein for illustrative purposes, various equivalent modifications can be made 
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without departing from the spirit and scope of the invention, as will be recognized by 
those skilled in the relevant art. The teachings provided herein of the invention can be 
applied to other memory devices, not necessarily the exemplary RFID tag generally 
described above. RFED tags may employ other communications frequencies in the 
5 electromagnetic spectrum. The RFID tag verifier can use more than the two 
interrogation signal typically shown in the examples. The response can be represented 
by data points, as a slope, or as a mathematical function, such as a b-spline representing 
a curve. A software controlled attenuator can achieve the power level modification, 
while a software controlled oscillator such as a voltage controlled oscillator ("VCO") 

10 can achieve frequency modification. One skilled in the art will recognize that the 
response is dependent on a number of parameters, and that these parameters must be 
maintained within certain tolerances to accurately measure the response. These 
parameters include, antenna-to-tag distances, ambient noise level, reflective objects, 
and ambient temperatures. The teachings of the U.S. patents and patent applications 

15 mentioned above are incorporated herein by reference. 

These and other changes can be made to the invention in light of the 
above detailed description. In general, in the following claims, the terms used should 
not be construed to limit the invention to the specific embodiments disclosed in the 
specification and the claims, but should be construed to include all verifiers that operate 

20 in accordance with the claims. Accordingly,, the invention is not limited by the 
disclosure, but instead its scope is to be determined entirely by the following claims. 
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CLAIMS 

i ( We claim: 

1 1 l. An apparatus to verify RFID tags, comprising: 

2 i • an RF transmitter configured to transmit at least a first RF interrogation 

i.i 

3. V; signal of a first power level at a first time and a second RF interrogation signal of a 

4 , second.power level, different from the first power level, at a second time; 

5 an RF receiver configured to receive a first RF return signal returned 

i 

6 I from an RFID tag in response to the first RF interrogation signal and a second RF 

7 I return signal returned from the RFID tag in response to the second RF interrogation 

M'l\ 

8 signal; and 

• Q \ a processor coupled to the RF receiver and configured to determine a 

10 response of the RFID tag as defined by at least the first RF return signal and the second 

11 |RF return signal. 

j' 2. The apparatus of claim 1 wherein the processor includes a 

2 comparator to compare an operational characteristic of the first and the second return 

3 , signals. 

1 3. The apparatus of claim 1 wherein the. processor is further 

2 configured to compare the determined response of the RFID tag to a predefined 

3 response. 

1 4 The apparatus of claim 1 wherein the processor is further 

2 configured to compare the determined response of the RFID tag to a predefined 

3 response and to produce an output signal corresponding to a status of the RFED tag 

4 based on the comparison. 
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1 .5. The apparatus of claim 1 wherein the processor compares a 

2 power level of the first RF return signal to a power level of the second RF return signal 

3 to determine the response of the RFTD tag. 

1 6. The apparatus of claim 1 wherein the processor compares a 

2 signal-to-noise ratio of the first RF return signal to a signal-to-noise ratio of the second 

3 RF return signal to determine the response of the RFID tag. 

1 7. An apparatus to verify RFID tags, comprising: 

2 an RF transmitter configured to transmit at least a first RF interrogation 

3 signal of a first frequency at a first time and a second RF interrogation signal of a 

4 frequency, different from the first frequency, at a second time;' 

5 . an RF receiver configured to receive a first RF return signal returned 

6 from an RFED tag in response to the first RF interrogation signal and a second RF 

7 return signal returned from the RFID tag in response to the second RF interrogation 

8 signal; and 

9 a processor coupled to the RF receiver and configured to determine a 

1 0 response of the RFID tag as defined by at least the first RF return signal and the second 

11 RF return signal. 

1 8. The apparatus of claim 7 wherein the processor includes a 

2 comparator to compare an operational . characteristic of the first and the second return 

3 signals. 

1 9. The apparatus of claim 7 wherein the processor is further 

2 configured to compare the determined response of the RFID tag to a predefined 

3 response. 
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1 10. An apparatus to verify RFID tags, comprising: 

2 ' a first antenna configured to transmit a first RF interrogation signal at a 

3 first time; , 

4 a second antenna spaced from the first antenna and configured to 

5 ■. ? transmit a second RF interrogation signal at a second time; 

6 V ' an RF receiver configured to receive a first RF return signal returned 

7 ; from an RFED tag in response to the first RF interrogation signal and a second RF 

8 i ' return signal returned from the RFID tag in response to the second RF interrogation 

9 V.i signal; and 

lOifrv a processor coupled to the RF receiver and configured to determine a 

1 1 response of the RFED tag as defined by the first RF return signal and the second RF. 

■ \ " . • • 

12 return signal. 

1.. I 11. The apparatus of claim 10 wherein the processor includes a 

2 comparator to compare an operational characteristic of the first arid the second return 

3 signals. 

1 i 12. The apparatus of claim 10 wherein the processor is further 

2 configured to compare the determined response of the RFED tag to a predefined 

3 response. 
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\ 13. An apparatus to verify RFDD tags, comprising: 

2 an RF transmitter configured to transmit at least a first RF interrogation 

3 signal of a first power level at a first time; 

4 a first antenna configured to receive a first RF response signal returned 

5 from an RFID tag in response to the first interrogation signal; 

6 , a second antenna spaced from the first antenna and configured to receive 

7 the first RF response signal returned from the RFID tag in response to the first 

8 interrogation signal; and 

9 a processor coupled to the first and the. second antennas and configured 

10 to determine a response of the RFID tag as defined by the first RF return signal as 

1 1 received at the first antenna and the first RF return signal as received at the second 

12 antenna. 

1 14. The apparatus of claim 13 wherein the processor includes a 

2 comparator to compare an operational characteristic of the first return signal as received 

3 at the first and the second antennas. 

1 15. The apparatus of claim 13 wherein the processor is further 

2 configured to compare the determined response of the RFID tag to a predefined 

3 response. 

1 16. An apparatus to verify RFDD tags, comprising: 

2 an RF interrogator configured to selectively transmit a first interrogation 

3 signal at a first time and a second interrogation signal at a second time, the first 

4 interrogation signal having a first operational characteristic that differs from a 

5 corresponding first operational characteristic of the second interrogation signal, and to 

6 receive a first return signal returned from an RFID tag in response to the first 

7 interrogation signal and a second return signal returned from the RFID tag in response 

8 to the second interrogation signal; and 
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9 a processor coupled to the RF interrogator and configured to determine 

10 an operational response of the RFID tag in the form of at least a second operational 

1 1 , characteristic of the first and the second return signals. 

j , ;j7 The apparatus of claim 16 wherein the processor includes a 

2 comparator to ,compare an operational characteristic of the first and the second return 

3 . ^signals. 

1 is. The apparatus of claim .16 wherein the processor is configured to 

2 j compare the operational response of the RFID tag to a predetermined response. 

j |l N i9 The apparatus of claim 16 wherein the first operational 

2 \ ' characteristic is signal strength and the second operational characteristic is signal 

3 , strength. 

' 1 " ' 20. The apparatus of claim 16 wherein the first operational 

2 1 characteristic is signal strength and the second operational characteristic is frequency. 

1 21. The apparatus of claim 16 wherein the first operational 

2 characteristic is frequency and the second operational characteristic is signal strength. 

1 22. The apparatus of claim 16 wherein the RF interrogator includes 

2 an RF transmitter and an RF receiver. 

The apparatus of claim 16 wherein the RF interrogator includes 

1 24. The apparatus of claim 16, further comprising: 

2 a machine-readable symbol verifier positioned to verify a machine- 

3 . readable symbol on the RFID tag. 



1 23. 

2 an RF transceiver. 
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1 25. The apparatus of claim 16, further comprising: 

2 a machine-readable symbol imager positioned to image a machine- 

3 readable symbol on the RFID tag and coupled to the processor to supply the image data 

4 thereto, the processor being configured to verify the image data. 

1 26. The apparatus of claim 16, further comprising: 

2 a machine-readable symbol imager positioned to image a machine- 

3 readable symbol oh the RFID tag and coupled to the processor to supply the image data 

4 thereto, the processor configured to verify the image data and to provide a grade based 

5 on the verification of the image data and the comparison of the response of the RFID 

6 tag to the predetermined response. 



1 27. The apparatus of claim 16 wherein the processor is further 

2 configured to compare the determined operational response of the RFDD tag to a 

3 predefined response and to produce a binary output signal corresponding to a status of 

4 the RFID tag based on the comparison. 

1 28. The apparatus of claim 16 wherein the processor is further 

2 configured to compare the determined operational response of the RFID tag to a 

3 predefined response and to produce an output signal corresponding to a status of the 

4 RFID tag based on the comparison. 

1 29. The apparatus of claim 16, further comprising: 

2 a printer couplable to the processor to print information corresponding to 

3 the operational response of the RFID teg. 



1 . 30. The apparatus of claim 16, further comprising: 
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2'. 'a printer positionable to write on the RFID tag and couplable to the 

3 processor to print information corresponding to the operational response of the RFID 

'4'' tag. 

i 

1 31. The apparatus of claim 16,. further comprising: 

a print head coupled to the processor to print information corresponding 
to the operational response of the RFID tag. 

] ' 32. A method to verify RFID tags, comprising: 

ij . selectively transmitting a first interrogation signal having a first 

3\<f S operational characteristic; 

4 selectively transmitting a second interrogation signal having a first 

5 operational characteristic that differs from the corresponding first operational 
6„ . characteristic of the first interrogation signal by a defined amount; 

71 receiving a first return signal returned from an RFED tag in response to 

8 the first interrogation signal, the first return signal having a second operational 

9 characteristic; 

10 receiving a second return signal returned from the RFID tag in response.. 

11' to the second interrogation signal, the second return signal having a second operational 

12 characteristic corresponding to the second operational characteristic of the first return ,- 

13 signal; and 

14 determining a response of the RFID tag corresponding to the second 

15 operational characteristic of at least the first and the second return signals. 

1 33. The method of claim 32 wherein determining a response of the 

2 RFDD tag includes comparing the second operational characteristics of the first and the 

3 second return signals. 



1 
2 



34. The method of claim 32, further comprising 

comparing the response of the RFED tag to a predetermined response. 
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1 .35. The method of claim 32 wherein selectively transmitting a first 

2 interrogation signal having a first operational characteristic includes producing the first 

3 interrogation signal of a first signal strength, and wherein selectively transmitting a 

4 second interrogation signal having a first operational characteristic includes producing 

5 the second interrogation signal of a second signal strength that differs from the first 

6 signal strength. 

1 36. The method of claim 32 wherein selectively transmitting a first 

2 interrogation signal having a first operational characteristic includes producing the first 

3 . interrogation signal having a first frequency, and wherein selectively transmitting a 

4 second interrogation signal having a first operational characteristic includes producing 

5 the second interrogation signal having a second frequency that differs from the first 

6 frequency. 

1 37. The method of claim 32 wherein receiving a first return signal 

2 having a second operational characteristic includes detecting the first return signal of a 

3 first signal strength, and wherein receiving a second return signal having a second 

4 operational characteristic includes detecting the second return signal of a second signal 

5 strength that differs from the first signal strength. 

1 38. The method of claim 32 wherein receiving a first return signal 

2 having a second operational characteristic includes detecting the first return signal of a 

3 first frequency, and wherein receiving a second return signal having a second 

4 operational characteristic includes detecting the second return signal of a second 

5 frequency that differs from the first frequency. 

1 39. The method of claim 32 wherein determining a response of the 

2 RF ID tag corresponding to the second operational characteristic of at least the first and 

3 the second return signals includes determining a slope of a function including at least a 
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4 first point corresponding to the first operational characteristic of first interrogation 

5 signal and the second operational characteristic of the first return signal, and a second 

6 . point, corresponding to the first operational characteristic of the second interrogation 

7 signal and the. second operational characteristic of the second return signal. 

i 

, ' 40. A computer readable medium whose contents cause a first 

2 ^'processor based system to: 

3 ' \ transmit a first interrogation signal having a first operational 

4 characteristic; 

5 ! .' transmit a second interrogation signal having a first operational 

6 ! characteristic that differs from the corresponding first operational characteristic of the 

7 • '.'first interrogation signal by a defined amount; 

g y . receive a first return signal returned from an RFED tag in response to the 

9 first interrogation signal, the first return signal having a second operational 
10 ■"' characteristic; 

n 1 receive a second return signal returned from the RFID tag in response to 

12 ' the second interrogation signal, the second return signal having a second operational 
13, characteristic corresponding to the second operational characteristic of the first return 

14 signal; and 

15 ' determine a response of the RFED tag corresponding to the second 

16 operational characteristic of at least the first and the second return signals. 

1 41. The computer readable medium of claim 40 whose contents 

2 cause the first processor system to compare the second operational characteristics of the 



3 



first and the second return signals when determining the response of the RFID tag. 



1 42. The computer readable medium of claim 40 whose contents 

2 further cause the first processor system to: 

3 compare the response of the RFID tag to a predetermined response. 
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1 43. A method to verify RFID tags, comprising: 

2 transmitting at least two interrogation signals; 

3 receiving a response from an RFID tag to each of the interrogation 

4 signals; and 

5 comparing a change in the responses relative to a change in the 

6 interrogation signals. 

1 44. The method of claim 43, further comprising: 

2 accepting or rejecting the RFID tag based on the comparison. 

1 45. The method of claim 43, further comprising: 

2 printing on the RFID tag based on the comparison. 

1 46. The method of claim 43, further comprising: 

2 sorting the RFID tag based on the comparison. 




SUBSTITUTE SHEET (RULE 26) 



WO 01/04825 



PCT/US0O/18417 



60 



58 / ( - 




2/8 




Fig. 3 




Fig. 4 



SUBSTITUTE SHEET (RULE 26) 



WO 01/04825 



PCT/US00/18417 



3/8 




SUBSTITUTE SHEET (RULE 26) 



WO 01/04825 



PCT/USOO/18417 



4/8 



72 



r 



40 43-^ 

1_ 



RAM — i 



ROM — 



Mp 



7 %. 7s^n 

on \ 50 



42 



10 



MOTOR 
CONTROLLER 



52 



50 ^ 



'48 



TRANSMITTER 



IMAGE BUFFER 



PRINT BUFER 



T 



DISPLAY 



70 62 



Fig. 7 



MOTOR 



64 



14 



~^-54 



TRANSMIT FIRST INTERROGATION SIGNAL 
HAVING FIRST POWER LEVEL 



RECEIVE FIRST RESPONSE SIGNAL 



TRANSMIT SECOND INTERROGATION SIGNAL 
HAVING SECOND POWER LEVEL 



RECEIVE SECOND RESPONSE SIGNAL 



DETERMINE RFID TAG'S RESPONSE 



100 



102 



104 



106 



108 



OUTPUT RFID TAG'S RESPONSE Y~ U ° 

-m Fig. 8 



GRADE/SORT RFID TAGS 



SUBSTITUTE SHEET (RULE 26) 



WO 01/04825 



PCT/US00/18417 



5/8 



V; 

i 



> TRANSMIT FIRST INTERROGATION SIGNAL 
HAYING FIRST SIGNAL-TO-NOISE RATIO 



RECEIVE FIRST RESPONSE SIGNAL 



102 



TRANSMIT SECOND INTERROGATION SIGNAL 
HAVING SECOND SIGNAL-TO-NOISE RATIO 



y-114 



RECEIVE SECOND RESPONSE SIGNAL 



I 



DETERMINE RFID TAG'S RESPONSE 

1 



OUTPUT RFID TAG'S RESPONSE 



106 
108 
110 



Fig. 9 



TRANSMIT FIRST INTERROGATION SIGNAL 
HAVING FIRST FREQUENCY 



RECEIVE FIRST RESPONSE SIGNAL 



TRANSMIT SECOND INTERROGATION SIGNAL 
HAVING SECOND' FREQUENCY 



RECEIVE SECOND RESPONSE SIGNAL 



DETERMINE RFID TAG'S RESPONSE 

\ 



OUTPUT RFID TAG'S RESPONSE 



^116 

102 

118 

106 
108 
110 



Fig. 10 



SUBSTITUTE SHEET (RULE 26) 



WO 01/04825 



PGT/US00/18417 



6/8 



TRANSMIT FIRST INTERROGATION SIGNAL 



RECEIVE FIRST RESPONSE SIGNAL 
AT A FIRST ANTENNA 



RECEIVE THE FIRST RESPONSE SIGNAL 
AT A SECOND ANTENNA 



I 



DETERMINE RFID TAG'S RESPONSE 

I 



108 



OUTPUT RFID TAG'S RESPONSE 



Fig. 11 



TRANSMIT FIRST INTERROGATION SIGNAL 
FROM FIRST ANTENNA 



y-126 



RECEIVE FIRST RESPONSE SIGNAL 



lrW2. 



TRANSMIT IDENTICAL INTERROGATION 
SIGNAL FROM SECOND ANTENNA 



128 



RECEIVE SECOND RESPONSE SIGNAL 



I 



DETERMINE RFID TAG'S RESPONSE 



OUTPUT RFID TAG'S RESPONSE 



y~W6 
108 
110 



Fig. 12 



SUBSTITUTE SHEET (RULE 26) 



WO 01/04825 



PCT/US0O/18417 



7/8 



RESPONSE 
SIGNAL 

STRENGTH 
AT/ r . 




INTERROGATION SIGNAL STRENGTH 

Fig. 13 



V, 
\ ■ 

Mi'N 



FREQUENCY 

OF 
RESPONSE 
SIGNAL 



87 



88 



INTERROGATION SIGNAL STRENGTH 

Fig. 14 



RESPONSE 
SIGNAL 
STRENGTH 




•93 



INTERROGATION FREQUENCY 
AT CONSTANT SIGNAL STRENGTH 



Fig. 15 



SUBSTITUTE SHEET (RULE 26) 



WO 01/04825 



PCT/US00/18417 



8/8 



RESPONSE 
SIGNAL 
STRENGTH 



94 



FIRST 
ANTENNA 
POSITION 



SECOND 
ANTENNA 
POSITION 



Fig, 16 



10 K f \ 


u 

<c~ 95 
\y~ 96 


220 „ ?* 


\j 90 


99 \. 


J^-297 


98 J 





Fig. 17 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



Inter rial Application No 

PCT/US 00/18417 



A. CLASSIFICATION OF SUBJECT MATTrai 

IPC 7 . G06K7/00 G06K19/07 



According to International Patent Classification (1PQ or to both national dassiBealicn and IPC 



a FIELDS SEARCHED 



Minimum documentation searched (classification system followed by dasstfication symbols) 

IPG 7' G06K 



Documentation searched other than minimum documentation to the extent that such documents are Included In the fields searched 



Bectronic data base consulted during the International search (name ol data base and, where practical, search terms used) 

EPOrlnternal , WPI Data, PAJ 



C DOCUMENTS CONSIDERED TO BE RELEVANT 



Catego^p 



Citation of document, with Indication, where appropriate, of the relevant passages 



Relevant to daim No. 



A :jV, 



US 5 448 110 A (LAKE RICKIE C ET AL) 
5 September 1995 (1995-09-05) 
abstract 

US 4 802 216 A (IRWIN DAVID J ET AL) 

31 January 1989 (1989-01-31) 

column 2, line 19 -column 2, line 39 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are Ssted in annex. 



' Special categories of cited documents : 

'A' document defining the general state of the art whfch is not 

considered to be of particular relevance 
•E" earlier document but published on or after the International 

fiSng date 

V document which may throw doubts on priority dalm(s) or 

which is dted to establish the publication dale of another 
citation or other special reason (as specified) 
•O - dccument referring to an oral disclosure, use. exhibition or 
other means 

V document published prior to the international Hlng date but 

later than the priority date dalmed 



T later document published after the International filing date 
or pttoHty date ervJiiot In conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

•X' document of particular relevance; the dalmed Invention 
cannot be considered novel or cannot be considered to 
involve an Inventive step when the document Is taken alone 

*Y" document of particular relevance; the daimed invention 
cannot be considered to Involve an Inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a' person sklfled 
In the art. 

document member of the same patent family 



Date of the actual completion of the International search 



8 September 2000 



Data of maiSng of the International search report 

20/09/2000 



Name and mailing address of the ISA 

European Patent Office, P.B..5B18 Patentlaan 2 
NL - 2260 HV Ritswi* 
Tel. (431-70)340-2040. Tx. 31 651 eponl, 
Fax: (431-70) 340-3018 



Authorized officer 



Gronau von, H-C 



form PCMSAC10 (SMond iheM) (Juty 1902) 



INTERNATIONAL SEARCH REPORT 

imwmation on patent Rtmtty member* 



lntsn^ nai Application No 

PCT/US 00/18417 



Patent document 
cited in search report 



Publication 
dale 



Patent family 
members) 



Publication 
date 



US 5448110 



05-09-1995 



US 

us 

DE 
JP 
JP 
US 
US 
US 



6078791 A 
5779839 A 
4319878 A 
2857029 B 
6123773 
6045652 
5787174 
5776278 



20-06-2000 
14-07-1998 
23-12-1993 
10-02-1999 

06- 05-1994 
04-04-2000 
28-07-1998 

07- 07-1998 



US 4802216 



31-01-1989 



DE 
EP 
JP 



3682484 A 
0223961 A 
62130370 A 



19-12-1991 
03-06-1987 
12-06-1987 



Form PCWSAStO (powtf tamtyamox) (July 



